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Acute myeloid leukemia (AML) is a heterogeneous
disorder in which clinical outcomes are determined
predominantly by patient age, karyotype, and genomic
features.1 Historically, much of this information has
had little impact on treatment decisions for AML as the
standard treatments were largely limited to intensive
chemotherapy, with or without allogeneic hemato-
poietic stem-cell transplantation (HSCT), for fit pa-
tients and low-dose cytarabine or supportive care for
older, unfit patients (with more recent options of
azacitidine or decitabine monotherapy available off-
label for AML in the United States in 2004 and 2006,
respectively). However, in the past 5 years our
knowledge of the molecular features that drive out-
comes in AML has increased exponentially, in parallel
with an unprecedented expansion of therapeutic op-
tions for this disease.2 In this rapidly evolving land-
scape, it is vital that our risk assessment tools and
resultant therapeutic guidelines are equally dynamic.
In this commentary, we discuss the limitations of our
current risk stratification guidelines in AML and pro-
pose improvements that will more accurately reflect
the best available evidence and inform optimal
therapy.

At present, the most widely used consensus risk
stratification guidelines in AML—those from the Eu-
ropean LeukemiaNet (ELN) and from the National
Comprehensive Care Network (NCCN)—are based
exclusively on cytogenetic or molecular features. In
2010 the ELN, an international working group of 19
AML experts, proposed to standardize reporting in
clinical trials on the basis of karyotype and the pres-
ence or absence of CEBPA, FLT3, or NPM1 muta-
tions.3 In addition to harmonizing clinical trial
reporting, these classifications were also used to
recommend specific postremission therapies. For
example, patients with favorable-risk disease were
recommended to receive chemotherapy consolidation
alone, whereas those with adverse-risk disease were
recommended consolidative HSCT. All these recom-
mendations are category 2A, reflecting low-level evi-
dence but with uniform panel consensus. In the most
recent ELN consensus document from 2017, the risk

categories were updated to incorporate emerging data
about other disease-modifying genomic alterations,
including RUNX1, ASXL1, and TP53 mutations, as
well as the prognostic importance of FLT3 internal
tandem duplication allelic ratio.4 Although the NCCN
had initially developed its own risk groups (initially on
the basis of cytogenetics alone and later incorporating
frequently recurring molecular mutations) that differed
somewhat from that of the ELN, the proposals of the
ELN and NCCN are now identical, and thus, in effect
only one widely used method of risk stratification in
AML presently exists in the United States and Europe.5

There is certainly some utility in a uniform consensus
on expected relapse risk and survival among defined
groups that allows for comparison across retrospective
and prospective clinical studies in AML. However,
there are several deficits with the present system that
limit its wide applicability in the modern era. It is
notable that these risk groups were developed on the
basis of data sets almost exclusively consisting of
younger, fit patients with de novo AML treated with
intensive chemotherapy (generally 7 1 3 or similar
chemotherapy, followed by high-dose cytarabine
consolidation). However, AML is largely a disease of
older age, with a median age at diagnosis of 68 years.1

It has been estimated that approximately 80% of
patients age $ 65 years are predicted to have in-
duction mortality rates of $ 30% with intensive che-
motherapy.6 Perhaps in part because of concerns
about unacceptable treatment-related mortality with
intensive chemotherapy, recent studies suggest that
the majority of patients with newly diagnosed AML who
are age . 60 years receive lower-intensity therapies.7

The share of older adults receiving lower-intensity
therapy is likely to further increase as we now have
highly effective venetoclax-based therapies that are
associated with significantly lower rates of early mor-
tality and better overall survival (OS) in these older
patients, as compared with intensive chemotherapy.8

In light of the current practice patterns that favor lower-
intensity therapies for most older adults, the present
risk stratification guidelines and recommendations for
postremission therapies may actually only apply to a
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minority of patients with newly diagnosed AML, significantly
limiting the generalizability of these guidelines.

Our current methods of risk stratification also fail to account
for the most significant patient-related and other clinical
factors that influence prognosis, thus making meaningful
comparisons across some groups particularly challenging
and leading to relative rather than absolute risk groups. This
is particularly notable for older adults with AML. Two recent
validation studies of the ELN 2017 risk stratification in
patients $ 60 years treated with intensive chemotherapy
confirmed that this classification was able to divide patients
into three distinct risk groups.9,10 However, the outcomes
even for so-called favorable-risk older adults are poor. In
one analysis of older patients with AML, the 3-year OS rates
for favorable-, intermediate-, and adverse-risk groups were
30%, 12%, and 6%, respectively.9 Thus, older patients with
favorable-risk AML by our current classifications have
outcomes that approximate those of adverse-risk disease in
younger patients. This discrepancy in outcomes highlights
that classification of patients as having favorable-, inter-
mediate-, or adverse-risk disease is largely meaningless
without knowledge of relevant patient-related factors,
particularly age. Not surprisingly, when age is considered in
our risk assessment, our ability to predict OS is substantially
improved, particularly in older adults.11 Relevant co-
morbidities, which often correlate with patient age but
may also be independent of age, can be captured by a
number of different risk assessment tools.12 Consideration
of these comorbidities, although often complex to quantify
in clinical practice, may nonetheless refine our prognos-
tication and also inform assessment of an individual pa-
tient’s suitability for consolidative HSCT.

Although age is certainly one of the most powerful factors
that influences long-term OS in AML, it is important to
consider other well-established clinical variables when risk
stratifying patients. Even in the most comprehensive an-
alyses of cytogenetic and molecular risk factors in AML, it
has been estimated that these genetic factors account for
up to 60%-70% of OS estimates, with the rest explained by
demographic characteristics, clinical variables, or differing
treatments.13 However, at present, patient-related or clin-
ical characteristics are not included in the widely used ELN
and NCCN risk stratification guidelines. As the data sup-
porting the current cytogenetically and molecularly defined
risk groups are derived predominantly from younger patients
with de novo AML, clinically relevant historical factors such
as preceding myelodysplastic syndrome (MDS) or myelo-
proliferative neoplasm (secondary AML) or prior exposure
to cytotoxic chemotherapy or irradiation (therapy-related
AML) are not considered, despite the worse outcomes
observed with these entities.14-17 Patients with secondary
AML who received prior treatment for an antecedent he-
matologic malignancy (eg, a hypomethylating agent [HMA]
for MDS) have particularly dismal outcomes even in the
absence of adverse-risk cytomolecular features, with a

median OS , 6 months.15 Yet, this relevant clinical history
is not considered in our current risk stratification guidelines.
Even in patients with core-binding factor AML, which is
currently defined as a favorable-risk subtype of AML, those
with therapy-related disease have dismal outcomes with a
5-year OS , 20%, highlighting the importance of con-
sidering relevant clinical factors in risk assessment.18

In the setting of new effective drugs and combination
regimens, it is also vital to ensure that our risk stratification
systems remain relevant within the current treatment
paradigm. The standard of care for frontline AML therapy is
rapidly evolving, and thus, many prognostic factors derived
from an era of 7 1 3 for nearly all patients may become
irrelevant. For example, the addition of FLT3 inhibitors into
frontline regimens may overcome the historically poor
prognosis associated with FLT3 internal tandem
duplication–mutated AML, including cases with high allelic
ratios, where a long-term OS . 50% has been achieved in
some studies.19,20 For older adults with newly diagnosed
AML who are unfit for intensive chemotherapy, the com-
bination of an HMA (eg, azacitidine) plus venetoclax is a
new standard of care that is widely used in both community
and academic practice. It is therefore important to un-
derstand the cytogenetic and/or molecular features that
may uniquely predict for clinical outcomes in patients
treated with this regimen.21 Although multiple previous
analyses have suggested that IDH1 or IDH2 mutations do
not strongly influence OS in the context of conventional
chemotherapy regimens, venetoclax-based therapies are
highly effective in IDH-mutated AML, with a median du-
ration of response not reached and a median
OS . 24 months reported in older adults treated with an
HMA plus venetoclax.22 Similarly, in a retrospective analysis
of patients with NPM1-mutated AML treated with intensive
chemotherapy, an HMA alone, or an HMA plus venetoclax,
treatment with the HMA plus venetoclax regimen (but not
ELN 2017 risk group) emerged as a predictor for OS.23

These examples highlight the interplay between the type of
treatment and clinical outcomes.

Risk stratification for complex diseases such as AML will
always be imperfect, and no system is likely to account for
the many intricate interactions between all patient-related,
disease-related, and treatment-related variables. However,
there is still much room for improvement with the current
consensus approach to risk assessment in AML as pub-
lished by both the ELN and NCCN. We therefore propose
two broad principles that can be used to refine our current
guidelines. First, prognostic groups should be defined on
the basis of absolute rather than relative OS estimates. This
will eliminate the counterintuitive conclusions that many
favorable-risk patients (according to current guidelines)
might actually have expected long-term OS rates , 20%.
One potential proposal to address this issue is to define risk
groups on the basis of expected 3-year OS rates, for ex-
ample, categorizing patients into favorable-, intermediate-,
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and poor-risk groups with 3-year OS rates of. 60%, 30%-
60%, and, 30%, respectively. Alternatively, other systems
that further divide patients into prognostic subgroups with
increased discrimination for clinical outcomes (eg, into five
or more groups, similar to the Revised International
Prognostic Score Systems for MDS) could be considered.
Such a classification would necessitate considering the
most relevant clinical features that influence OS, particu-
larly patient age, thus creating a risk stratification system
that extends beyond cytomolecular features alone. How to
optimally incorporate the major clinical, cytogenetic, and
molecular prognostic factors into amore accurate system of
risk assessment in AML is a complex undertaking. Un-
doubtedly, there are a myriad of acceptable ways in which
these new classifications could be devised (eg, a catego-
rization similar to the current ELN and NCCN guidelines but
that also incorporates relevant clinical features or, alterna-
tively, a scoring system that weighs each prognostic factor
and then generates a composite risk score). However, re-
gardless of the specifics, we believe that developing a risk
stratification system that more accurately reflects an indi-
vidual patient’s expected survival outcomes would be a great
improvement both for AML research (thereby facilitating
more accurate comparisons across published data of het-
erogeneous populations) and for routine clinical care. Al-
though one strength of the current ELN andNCCN guidelines
is their relevance to the selection of postremission therapies
for younger, fit, and transplant-eligible patients with de novo
AML, because it does not take relevant clinical features into
account, this system fails to capture many adverse-risk pa-
tients. For example, a younger, fit patient who develops AML
after prior HMA-based therapy for MDS is expected to have
very poor outcomes regardless of cytogenetic or molecular
features at the time of AML transformation and should be
recommended for HSCT in first remission.15

The second guiding principle we propose is that these risk
groups must be dynamic as new, more optimal therapies
emerge for specific disease subsets. Seven years passed
between the last two ELN consensus guideline publications,
and nine new drugs have been approved for AML by the FDA
since the publication of the last guidelines. By contrast, the
NCCN refines their treatment algorithms on the basis of new
drug approvals and data at least annually (often more fre-
quently). Thus, the NCCN may be well-positioned to create
such an innovative and dynamicmodel of risk stratification in
AML that distinguishes itself from the ELN guidelines, which
can be used by clinicians and researchers in the context of
the most up-to-date clinical data and contemporary treat-
ments (eg, the routine incorporation of FLT3 inhibitors into

frontline AML therapy or the use of low-intensity venetoclax-
based regimens in older adults). However, our proposal is
not limited to the NCCN. For any new risk stratification
guidelines to be widely adopted both nationally and inter-
nationally, collaborations among leading groups of academic
hematologists and oncologists, including the American So-
ciety of Hematology, the WHO, and other groups of inter-
national prominence, are imperative. Also, it is important to
note that any new risk stratification system need not be in
conflict with the current ELN guidelines but rather should be
viewed as complementary. Although the AML risk stratifi-
cation by the ELN provides important guidance for selection
of postremission therapies (eg, consolidative chemotherapy
versus HSCT) for fit patients with de novo AML treated with
conventional cytarabine- and anthracycline-based induc-
tion, a more dynamic risk stratification system on the basis of
the principles we have outlined herein will provide somewhat
different—yet still very clinically valuable—information.
Specifically, such a system should ideally provide a more
accurate prediction of expected outcomes on the basis of an
integrated analysis of clinical, cytogenetic, and molecular
factors and in the context of treatment with the best available
contemporary therapies. As more effective agents and
regimens are developed, including for historically adverse-
risk AML subsets (eg, FLT3 inhibitors for newly diagnosed
FLT3-mutated AML), our calculation of disease risk and also
who should or should not undergo HSCT in first remission is
likely to shift over time. Optimal risk stratification systems
should be able to account for these changes, and to do so,
they must be updated frequently on the basis of emerging
data and evolving standards of care.

In summary, a dynamic model of risk assessment on the
basis of absolute rather than relative OS estimates would not
only improve our clinical predictions in individual patients
but would also allow for better comparison of data across
retrospective and prospective studies, by determining how
outcomes of different risk groups compare with expectations
with our best available therapies. As a community of AML
physicians and researchers, it is time that we reconceptu-
alize our approach to risk stratification for this disease. In
assessing an individual patient’s risk of relapse and likeli-
hood of long-term survival, we should not simply ignore the
most relevant clinical and patient-related factors that have
consistently been shown to affect prognosis. Furthermore,
we must embrace the notion that novel therapies with novel
mechanisms of action will often have novel predictive factors.
In this exciting new era of drug development and discovery in
AML, dynamic risk models that account for a rapidly evolving
therapeutic landscape are now needed more than ever.
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